INTRODUCTION
The satellites orbiting within the magnetospheres of Jupiter and Saturn have profound effects on the dynamics of these magnetospheres and the distributions of the trapped radiation. Some of these satellites are sources which contribute significant amounts of low-energy material to the magnetosphere (e.g., the Io torus [Broadfoot et al., 1979; Bagenal and Sullivan, 1981] ), while others may be viewed as primarily as radiation sinks, absorbing energetic charged particles [Mead and Hess, 1973 ; Thomsen, 1979 , and references therein]. As magnetospheric probes, these satellites have contributed greatly to our understanding of the structure, the dynamics, and the transport of the magnetospheric radiation. Conversely, the characteristic absorption signatures left in the radiation 'wake' of orbiting material has led to the confirmation or discovery of several new satellites and rings Simpson et al., 1980a, b; Van Allen et al., 1980a, b] . In this paper we exploit both of these aspects of charged particle/satellite inter- The large difference in the proton intensity between the inbound and outbound passes, a factor of 3 to 5, resulted from the lower latitude of the outbound pass (-6 ø , as opposed to + 19 ø inbound) and the fact that the proton flux pitch angle distribution is sharply peaked near 90 ø [Schardt and McDonald, this issue]. Thus the proton flux is more intense nearer the equatorial plane. Beyond L-3.2 outbound, there is a small contribution from these protons in the > 5-MeV and BS4 electron rates. Between L = 3.02 and 3.14, however, these energetic protons did not contribute significantly to the electron rates in Figure 1 . Figure 2 illustrates the energy dependence of the shapes of these signatures. For the major decrease at L = 3.135, the > 2.5-MeV rate decreased by 17%, while the > 5-MeV rate decreased by 30%. The 50% reduction in the BS4 rate coupled with the fact that the B2 rate decreased to 83% of its nominal value suggests that the C4 rate (> 6.5 MeV) was reduced by 40% at L = 3.135. Samples of the C4, C3, and C2 rates were obtained only once for each 16 samples of the B2 rate. While the samples of these rates which were obtained are consistent with the other data, there are not enough of them to define the signatures in these rates by themselves. The secondary minimum at L--3.115 had a similar, but more dramatic, energy dependence. This feature appears as only a shoulder in the > 2.5-MeV rate (3% reduction), while in the > 5.-MeV rate there is a clear minimum (18% reduction), and a comparison of the B2 and BS4 rates suggests that the C4 rate must have decreased by nearly 35% in this secondary minimum. Since the orientation of these detectors was fixed over the interval when the signature was observed, and since most of these detectors were sensitive to electrons over most of a full hemisphere, we cannot infer any pitch angle dependence of these signatures, and we prefer to attribute the differences between these signatures to an energy dependence.
The absence of any significant absorption signature in the inbound electron flux profiles led us to conclude in an earlier report [Vogt et al., 1982 ] that Mimas could not have been responsible for the outbound signature. In this report we now present a more complete analysis of these data, taking into account the remarkable electron spectrum characteristic of this region. We will again conclude that Mimas could not have produced the signature that we observed. In addition, our analysis permits us to place limits on the characteristics of any absorber which could have produced the signature as well as limits on the radial diffusion coefficient for electrons at the orbit of Mimas.
MIMAS ABSORPTION SIGNATURE CALCULATION
In the energy range to which the CRS instrument is sensitive, the primary effect of a satellite like Mimas orbiting within Saturn's magnetosphere will be to absorb the radiation incident on it. Due to the longitudinal motion (drift plus corotation with Saturn) of the radiation, any absorber will leave an absorption 'wake' on any L shell it passes. The maximum possible longitudinal length of the wake for any particle energy or species is equal to the product of the energydependent drift rate of that particle type relative to the absorber and of the length of time that the absorber occupies the drift shell, assuming the absorber's orbit or the drift shell are eccentric. The fraction of particles absorbed within the wake is determined by the probability that a charged particle near the longitude of the absorber cannot 'leapfrog' or 'corkscrew' past the absorber via latitudinal bounce motion (R. Rairden, unpublished manuscript, 1980). For electrons with the energies considered in this report this probability is negligible at Mimas. Thus Mimas absorbs virtually all of the electrons on magnetic field lines that it crosses. After the absorber passes an L shell these wakes separate due to the energy dependence of the drift velocity. Thus to a detector with a broad energy response, the absorption signature will decay with time as older wakes are spread over a longer longitude range. In addition to this energy-dependent dispersion, the absorption signature will be dispersed by radial diffusion.
In an initial attempt to model the electron absorption signatures of Figure 1 , we assume that they were produced by Mimas. The expected Mimas absorption signature profiles in the electron rates of Figure 1 are calculated from the local electron spectrum, and these profiles are compared to the observations. The effects of radial diffusion are neglected in this initial calculation. Even though the real electron spectrum may differ in detail from these model spectra, these calculations indicate that the qualitative characteristics of the absorption signatures are not sensitive to the exact form of the electron spectrum. However, there are quantitative differences between the calculated absorption signatures of Figure 4 which result from differences between these model spectra. An examination of the origin of these differences provides insight into the nature of such signatures. For the > 5-MeV rate, the dashed-line signature is deeper and narrower because with this steeper spectrum more of the counts are from electrons just above the detector threshold. The calculated outbound signature is generally deeper than the inbound signature because the spacecraft passed closer to Mimas along the outbound pass and thus the signature was 'fresher'; it spanned a larger energy range. For the > 2.5-MeV rate and the E 0 --3.0 MeV spectrum, however, the calculated inbound signature is deeper. This is due to the combination of two effects, both of which are illustrated in Thus we conclude not only that Mimas could not have produced the observed signature, but also that no absorption signature due to Mimas was observable. Since Mimas cannot have produced the observed signature, we are motivated to search for another cause for it. Since no absorption signature due to Mimas was observable, we can calculate a lower limit for the radial diffusion coefficient of MeV electrons at L• 3.1.
LIMITS ON THE RADIAL DIFFUSION COEFFICIENT
To estimate the importance of the effect of radial diffusion on a satellite absorption signature, it is convenient to use a A localized region of intense wave-particle interactions could also produce an absorption signature similar to that observed by scattering trapped electrons into Saturn's atmosphere. At L = 3.1 the atmospheric loss cone extends to •8 ø equatorial pitch angle and thus occupies 1% of the total solid angle. Thus at most, 1% of the particles in a flux tube can be scattered into the atmosphere in the time required for a particle to travel from the equator to its mirror latitude, a time interval equal to one quarter of the particle's bounce period, or 0.6 s for relativistic particles at L = 3.1. In this strong pitch angle diffusion limit, therefore, it would take a 10-s burst of intense wave-particle activity to remove 15% of the electrons in a flux tube.
A problem with this hypothesis is that of confining the interaction to a region 5L • 0.02 to produce a localized signature. Presumably, such confinement could be produced by spatial variations in the plasma density to create a duct in which the interactions occur. While whistler mode turbulence which could precipitate energetic electrons was observed [Scarf et al., 1982] , these waves were observed throughout large regions of Saturn's inner magnetosphere. This electron signature, however, was a unique event. Data from the Voyager 2 plasma wave experiment were examined for any signals that could have caused a short-lived dropout in MeV electrons. None were observed through a large region surrounding the absorption signature (W. S. Kurth, personal communication, 1982).
Electron Absorption by Material in Mimas's Orbit
The final alternative that we consider for producing the signature is absorption by material in orbit with Mimas. The depth and width of an absorption signature are related to the size of the absorber. The absorber cannot be significantly larger than the width of the signature. Conversely, if the signature is wider than the absorber, the depth of the signature must be correspondingly smaller. For example, if the absorber were smaller than a few tens of kilometers, then by the time the signature had spread to 1000 km across (via radial diffusion) the maximum depth of the signature could not exceed a few percent. Thus to have a 10% or more absorption signature extending over 1000 km would require an object with a diameter of 100 km or more.
Following our initial report of these observations, Voyager 2 imaging frames of the region where we predicted the absorber to be located were examined. No objects were observed in these frames, and an upper limit of 10 km was obtained for the maximum size of any single object in this region with an albedo close to unity (S. P. Synnott, private communication, 1982). In order to reconcile this result with the hypothesis that the signature was due to absorbing material, either the absorber must be very dark, or else the absorber must consist of a cloud of small particles which may be brighter. The former possibility is very unlikely because it would require a 100 km object to have an albedo <0.01, making it much darker even than In terms of this absorption model, the spatial structure in the electron signatures (Figure 2 ) must reflect a spatial variation in the density of the cloud. The energy dependence of the electron signatures, however, is more difficult to understand. Since the path length of a particle in one pass through a slab region (thinnest normal to the equator) that is large compared to the particle's gyroradius depends only on that particle's pitch angle not on its gyroradius and since higher-energy electrons, due to their larger drift velocities, would traverse such a slab fewer times, more lower-energy electrons (down to ~ 1 MeV) should be absorbed. The measured signatures are deeper at higher energies, however. This contradiction may be reconcilable if the higher-energy electrons had flatter pitch angle distributions and thus were better confined to the equator where the absorber is presumed to be. Carbary et al. [this issue] report observing a microsignature similar to and simultaneously with the CRS signature but in ions with energies of 28-100 keV. In addition, they have measurements that suggest that the absorption is greatest for local pitch angles near 90 ø . These observations discriminate against the wave-particle mechanism for three reasons. First, since the gyrofrequencies of these ions and MeV electrons differ by a factor of 100, the wave turbulence would need to be extremely broadband to interact resonantly with both of these particle species. Second, since the bounce period for these ions is 100 times longer than the relativistic electron bounce period, the required interaction time would rise from 6 s (estimated for the electrons) to many minutes. Finally, waves would be expected to make the particle distribution isotropic with particles lost at small pitch angles, in the loss cone, not at 90 ø pitch angle. Alternatively, the pitch angle dependence of these ion observations supports the hypothesis of absorption by material. As reflected by the cos • factor in (7), particles with larger pitch angles spend relatively more time in the absorption region and thus would be expected to be more heavily absorbed.
The [1980b] have disputed this report, suggesting that the proton signature was spurious, i.e., that it was produced by electrons. The probability that an absorption signature would have been observed along the inbound pass of Pioneer 11 may be expected to be higher than 10 -4, the probability of crossing a 100-km object or cloud randomly distributed around 3.1 R s, because Pioneer 11 passed near the Lagrangian point •60 ø behind Mimas [Simpson et al., 1980b] . Small objects may be expected to reside in stable orbits in this region [Dermott et al., 1980] . The Voyager 2 absorption signature was not observed near a stable Lagrangian point, rather, it was observed 212 ø behind (i.e., west of) Mimas. Thus if both the Voyager 2 and the Pioneer 11 signatures were produced as absorption signatures due to additional material in orbit with Mimas, it is improbable that the two signatures were produced by the same object or clump of material.
From the perspective of the Pioneer 11 and Voyager 2 charged particle observations, as currently interpreted, since microsignatures were observed in two of the four passes across the orbit of Mimas, and since the probability of an encounter with a single absorber is small, there must be a significant abundance of material surrounding Mimas. Clearly, the best way to support or refute this conclusion is through a detailed analysis of all available Voyager images of Mimas's orbit. Such analysis should either find some of the suspected objects or place upper limits on the sizes of any such absorbers that can be compared to the results of the particle absorption stud- at L -2.67 with a lower limit of roughly half this value and an upper limit • 25 times larger. These results are all less than 1% of the lower limit inferred in this paper for MeV electrons. This difference may ultimately be reconcilable if the diffusion coefficient is inversely proportional to the rigidity of a particle or inversely proportional to the square of a particle's magnetic moment. It is important to note, however, that while the proton diffusion coefficient may be sensitive to phenomena that are effective over time scales of up to years (the inferred lifetime of high-energy protons in this region), the phenomena responsible for the electron diffusion analyzed in this paper operate on time scales of a few hours or less.
In conclusion, we emphasize two important aspects of this analysis. First, the limit inferred for the electron diffusion coefficient D is independent of the question of what produced the observed signature. This limit is one of the principal results of this paper. Second, the 1% or more opacity inferred for the cloud on the basis of the absorption hypothesis is large, and a significant number of such clouds is suggested by combining the Voyager and Pioneer observations. While a more satisfactory explanation for these microsignature observations has not yet been suggested, these conclusions need to be either confirmed or refuted by analysis of imaging observations. Until that happens, the Mimas ghost will remain an enigma.
